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INKJET HEAD AND INKJET RECORDING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No.

2015-059703, filed on Mar. 23, 2015, the entire contents of
which are incorporated herein by reference.

FIELD

Embodiments described here generally relate to an inkjet
head and an 1nkjet recording apparatus.

BACKGROUND

An on-demand inkjet recording system ejects ik drops
from a nozzle 1n accordance with an image signal, and forms
an 1mage on the recording paper with the ink drops. The
on-demand inkjet recording system includes those of a
heating element type and a piezoelectric element type.

In the heating element type system, a heating element in
ink tlow paths generates air bubbles in k. The ink drops
pushed by the air bubbles are ejected from a nozzle. On the
other hand, in the piezoelectric element, a piezoelectric
clement being an actuator deforms, and the pressure of 1nk
stored 1 ink cells 1s thereby changed. As a result, the
pressurized 1k drops are ejected from the nozzle.

An example of the piezoelectric element inkjet head
includes nozzles and driving elements (actuators) corre-
sponding to each other one to one. The actuators each
include a piezoelectric element, and a common electrode and
an 1mdividual electrode that apply voltage to the piezoelec-
tric element. The common electrode and the individual
clectrode are each electrically connected to a driving circuit
via a conductor pattern. When drive voltage 1s applied to the
piezoelectric element from the driving circuit via the com-
mon electrode and the individual electrode, the piezoelectric
clement deforms. As a result, the ink supplied to the pressure
cell 1s pressurized. Part of the pressurized ink forms ink
drops, and the ik drops are ¢jected from a nozzle.

In an 1nkjet head including many driving elements (actua-
tors), if the inkjet has a structure including the common
electrode described above, a connection terminal that con-
nects the common electrode and an external terminal for
applying voltage 1s arranged only at the end of the head
body. In such a structure, the maximum distance between the
connection terminal of the common electrode and the driv-
ing elements increases as the size of the head body increases.
For that reason, the voltage 1s changed due to wiring
resistance, and 1t may affect driving of each driving element.

In addition, i1f the difference between the maximum dis-
tance and the minimum distance between the connection
terminal of the common electrode and the driving elements
1s large, the difference between voltage changes in the
driving elements 1s large and the stability of the driving of
cach driving element may be reduced. Further, in the case
where the connection terminal of the common electrode 1s
arranged only at the end of the head body, current concen-
tration occurs, and thus a problem such as short-circuiting,
and wiring damage may occur.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a longitudinal sectional view schematically
showing the whole structure of an inkjet printer of an
embodiment.
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FIG. 2 1s a plan view showing the structure of the main
part of an inkjet head of the embodiment.

FIG. 3 1s a longitudinal sectional view showing the main
part of how an electrode part of an individual electrode and
a connection terminal of the individual electrode in the
inkjet head of the embodiment are connected to each other.

FIG. 4 1s a longitudinal sectional view showing the main
part of how an electrode part of a common electrode and a
connection terminal of the common electrode 1n the inkjet
head of the embodiment are connected to each other.

DETAILED DESCRIPTION

According to one embodiment, an inkjet head includes
nozzles, a nozzle plate, actuators, individual electrodes, a
common electrode. Each of the nozzles ejects ink. The
nozzles are arranged on the nozzle plate. The actuators are
arranged corresponding to the nozzles one to one on the
nozzle plate. The individual electrodes are arranged on the
nozzle plate, each of the individual electrodes including a
connection terminal connected to an external element, each
of the individual electrodes applying voltage to the corre-
sponding actuator. The common electrode 1s arranged on the
nozzle plate, the common electrode applying voltage to the
actuators, the common electrode including a connection
terminal connected to the external element, the connection
terminal being arranged between the connection terminals of
the 1individual electrodes.

Hereinafter, an embodiment will be described with refer-
ence to FIG. 1 to FIG. 4. Note that each element, which can
be expressed by some terms, may sometimes be expressed
by another term or other terms. However, 1t does not mean
that any element, which 1s only expressed by a single term,
1s never expressed by another term or other terms. In
addition, 1t does not mean that another term or other terms,
which 1s/are not exemplified, 1s/are never used to express
cach element. In addition, the figures show this embodiment
schematically. The sizes shown in the figures may some-
times be different from those described 1n this embodiment.
In addition, in the drawings, the same reference symbols
show the same or similar parts.

FIG. 1 1s a longitudinal sectional view schematically
showing the whole structure of an inkjet printer 1 of an
embodiment. The inkjet printer 1 1s an example of an 1nkjet
recording apparatus. Note that an 1nkjet recording apparatus
may be another apparatus such as a copy machine instead of
the 1nkjet printer.

As shown in FIG. 1, the mkjet printer 1 conveys recording
paper P, for example, as a recording medium, and at the same
time, performs various processes such as image forming.
The inkjet printer 1 includes a housing 10, a paper cassette
11, a copy receiving tray 12, s holding roller (drum) 13, a
conveyer apparatus 14, a holding apparatus 15, an image
forming apparatus 16, a static-eliminating and peeling appa-
ratus 17, an 1inversing apparatus 18, and a cleaning apparatus
19.

The paper cassette 11 stores a plurality of sheets of
recording paper P, and 1s arranged in the housing 10. The
copy recerving tray 12 is arranged at the top of the housing
10. The mkjet printer 1 forms an 1mage on recording paper
P, and discharges the recording paper P to the copy receiving
tray 12.

The conveyer apparatus 14 includes guides and conveyer
rollers arranged along the path on which the recording paper
P 1s conveyed. The conveyer roller 1s driven by a motor,
rotates, and thus conveys the recording paper P from the
paper cassette 11 to the copy receiving tray 12.
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The holding roller 13 1includes a cylindrical frame made of
a conductor, and a thin insulation layer formed on the
surface of the frame. The frame 1s grounded. The holding
roller 13 rotates where 1t holds the recording paper P on its
surface, and thus conveys the recording paper P.

The holding apparatus 15 presses the recording paper P,
which 1s discharged from the paper cassette 11 by the
conveyer apparatus 14, on the surface (outer surface) of the
holding roller 13. The holding apparatus 15 presses the
recording paper P on the holding roller 13, and then attaches
the recording paper P to the holding roller 13 by an elec-
trostatic force ol the electrostatically-charged recording
paper P. The holding roller 13 holds the recording paper P
where the recording paper P 1s attached to the holding roller
13. The holding roller 13 rotates, and thereby conveys the
held recording paper P.

The 1mage forming apparatus 16 forms an 1mage on the
recording paper P on the outer surface of the holding roller
13, the recording paper P being held by the holding appa-
ratus 15. The 1mage forming apparatus 16 includes inkjet
heads 21, which face the surface of the holding roller 13. The
inkjet heads 21 e¢ject four-color inks (for example, cyan,
magenta, yellow, and black) toward the recording paper P,
and thereby form an image on the recording paper P.

The static-eliminating and peeling apparatus 17 elimi-
nates static electricity from the recording paper P, on which
the 1mage 1s formed, and thereby peels the recording paper
P from the holding roller 13. Specifically, the static-elimi-
nating and peeling apparatus 17 electrically charges the
recording paper P, and thereby eliminates static electricity
from the recording paper P. Further, the static-eliminating
and peeling apparatus 17 includes a peeling nail (not
shown), and inserts the peeling nail between the static-
climinated recording paper P and the holding roller 13. As a
result, the recording paper P 1s peeled from the holding roller
13. The conveyer apparatus 14 conveys the recording paper
P, which 1s peeled from the holding roller 13, to the copy
receiving tray 12 or the iversing apparatus 18.

The cleaning apparatus 19 cleans the holding roller 13
from which the recording paper P has been peeled. The
cleaning apparatus 19 1s arranged at the downstream of the
static-eliminating and peeling apparatus 17 1n the rotational
direction of the holding roller 13. The cleaning apparatus 19
includes a cleaning member 19a. The cleaning apparatus 19
causes the cleaning member 194 to come 1nto close contact
with the surface of the rotating holding roller 13, and thereby
cleans the surface of the rotating holding roller 13.

In order to form 1mages on the two sides of the recording
paper P, the inversing apparatus 18 turns the recording paper
P, which 1s peeled from the holding roller 13, upside down,
and supplies the recording paper P to the surface of the
holding roller 13 again. Specifically, the conveyer apparatus
14 switches back the peeled recording paper P the other way
around, and thereby conveys the recording paper P to the
inversing apparatus 18. The inversing apparatus 18 includes
a predetermined inversion path. The mversing apparatus 18
conveys the recording paper P along the imnversion path, and
thereby turns the recording paper P upside down.

FIG. 2 1s a plan view showing the structure of the main
part of the inkjet heads 21. FIG. 3 1s a longitudinal sectional
view showing the main part of how an electrode part
(clectrode part 106c) of an individual electrode (lower
clectrode 106) and a connection terminal (connection ter-
minal part 1065) of the individual electrode (lower electrode
106) 1n the inkjet heads 21 of the embodiment are connected
to each other. FIG. 4 1s a longitudinal sectional view
showing the main part of how an electrode part (electrode
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4

part 107¢) of a common electrode (upper electrode 107) and
a connection terminal (connection terminal part 1075) of the
common electrode (upper electrode 107) 1n the mkjet heads
21 of the embodiment are connected to each other. Note that,
for illustrative purposes, FIGS. 2, 3 and 4 show various
clements, which are actually hidden, 1n solid lines.

The 1inkjet printer 1 includes 1nk tanks and ink controllers
(not shown), which are connected to each of the inkjet heads

21. Each inkjet head 21 1s connected to the ink tanks, which

store 1nk of the corresponding color.

The mkjet head 21 ejects ink drops toward the recording
paper P held by the holding roller 13, and thereby forms
texts and 1mages thereon. As shown i1n FIGS. 3 and 4, the
inkjet head 21 includes a nozzle plate 100, a pressure cell
structure 200, and an ink flow path structure 400. The
pressure cell structure 200 1s an example of the substrate.

The nozzle plate 100 has a rectangular plate shape. The
nozzle plate 100 1s formed on the pressure cell structure 200,
the nozzle plate 100 and the pressure cell structure 200 being
an assembly. The nozzle plate 100 includes nozzles (orifices,
ink ejecting holes) 101 and driving elements (piezoelectric
clements, actuators) 102.

The nozzles 101 are circular holes. The diameter of the
nozzle 101 1s, for example, 20 um. As shown 1n FIG. 2, the
nozzles 101 are arrayed 1n the longer-side direction (vertical
direction of FIG. 2) and the shorter-side direction (horizontal
direction of FIG. 2) of the nozzle plate 100. The nozzles 101
are arranged such that the nozzles 101 1n one line are spaced
apart from the nozzles 101 1n the next line 1n the longer-side
direction of the nozzle plate 100. According to this structure,
the driving elements 102 are arranged 1n a higher density.
Note that the longer-side direction of the nozzle plate 100
corresponds to the conveying direction of the recording
paper P by the holding roller 13, and the shorter-side
direction of the nozzle plate 100 corresponds to the direction
perpendicular to the conveying direction of the recording
paper P.

The distance between the center of one nozzle 101 and the
center of the next nozzle 101, the nozzles 101 being adjacent
to each other in the longer-side direction (vertical direction
of FIG. 2) of the nozzle plate 100, 1s 340 um, for example.
The distance between the center of one line of the nozzles
101 and the center of the next line of the nozzles 101, the
lines being adjacent to each other 1n the shorter-side direc-
tion (horizontal direction of FIG. 2) of the nozzle plate 100,
1s 240 um, for example.

The driving elements 102 are arranged corresponding to
the nozzles 101 one to one. As shown 1n FIG. 2, the driving
clement 102 and the corresponding nozzle 101 are arranged
coaxially. The driving element 102 has an annular shape, and
surrounds the corresponding nozzle 101. Alternatively, the
driving element 102 may have a semi-open annular shape (C
shape), for example.

The pressure cell structure 200 1s made of a silicon wafer,
and has a rectangular plate shape. Alternatively, the pressure
cell structure 200 may be another semiconductor such as a
silicon carbide (S1C) substrate and a germanium substrate,
for example. Alternatively, the substrate may be made of
another material such as ceramics, glass, quartz, resin, and
metal. Ceramics such as nitride, carbide, and oxide such as
alumina ceramics, zirconia, silicon carbide, silicon nitride,
and bartum titanate 1s used. Resin such as a plastic material
such as ABS (acrylonitrile butadiene styrene), polyacetal,
polyamide, polycarbonate, and polyethersulione 1s used.
Metal such as aluminum and titanium 1s used. The thickness
of the pressure cell structure 200 1s, for example, 725 um.
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The thickness of the pressure cell structure 200 1s, for
example, 1n the range of 100 to 775 um.

As shown in FIGS. 3 and 4, the pressure cell structure 200
includes a first surface 200a, a second surface 20054, and
pressure cells (ink cells) 201. The first and second surtaces
200a and 2005 are flat. The second surface 2005 1s opposite
to the first surface 200a. The nozzle plate 100 1s fixed to the
first surface 200a.

The pressure cells 201 are circular holes. The diameter of
the pressure cell 201 1s, for example, 190 um. Note that the
shape of the pressure cell 201 1s not limited to this. The
pressure cell 201 penetrates through the pressure cell struc-
ture 200 1n its thickness direction, and has an opening
through the first surface 200a and an opening through the
second surface 200b. The nozzle plate 100 covers the
openings through the first surface 200q of the pressure cells
201.

The pressure cells 201 are arranged corresponding to the
nozzles 101 one to one. In other words, the pressure cell 201
and the corresponding nozzle 101 are arranged coaxially.
According to this structure, the pressure cell 201 i1s in
communication with the corresponding nozzle 101. The
pressure cell 201 1s 1n communication with the outside of the
inkjet head 21 via the nozzle 101.

The ink flow path structure 400 1s made of, for example,
stainless steel, and has a rectangular plate shape. The thick-
ness of the ik flow path structure 400 1s, for example, 4 mm.
Note that the ik flow path structure 400 may be made of any
other material such as ceramics and resin. Ceramics such as
nitride, carbide, and oxide such as alumina ceramics, zirco-
nia, silicon carbide, and silicon nitride 1s used. Resin such as
a plastic material such as ABS, polyacetal, polyamide,
polycarbonate, and polyethersulione 1s used. The material of
the 1ink flow path structure 400 1s selected so that the
pressure 1s not increased to eject the ik, in consideration of
the diflerence between the expansion coeflicient of the ink
flow path structure 400 and the expansion coellicient of the
nozzle plate 100.

The 1ink flow path structure 400 1s bonded to the pressure
cell structure 200 with, for example, epoxy-based adhesive.

The 1nk flow path structure 400 includes 1nk flow paths 401,

an 1nk inlet port (not shown), and an ink outlet port (not
shown).

The ink flow paths 401 are grooves on the 1nk flow path
structure 400. The depth of the ik flow path 401 1is, for
example, 2 mm. The 1nk inlet port 1s an opeming at one end
of the ink tlow path. The ink 1nlet port 1s connected to the 1nk
tank via a tube, for example. The ink tank 1s connected to the
pressure cells 201 via the 1k flow paths 401.

The ink 1n the ik tank flows into the ink tflow paths 401
through the ik inlet port. The ik supplied to the ink flow
paths 401 1s supplied to the pressure cells 201. The ink filled
in the pressure cells 201 tflows also 1nto the nozzles 101 via
the openings of the pressure cells 201. The inkjet printer 1
maintains the pressure of the ink at an appropriate negative
level, and the ink 1s thereby kept in the nozzles 101. The 1nk
forms a meniscus on the nozzle 101, and 1s kept such that the
ink may not leak from the nozzle 101.

The 1k outlet port 1s an opening at the other end of the
ink flow path 401. The ink outlet port 1s connected to the 1nk
tank via a tube, for example. The ik 1n the ik flow paths
401, which has not flowed into the pressure cells 201, 1s
discharged to the ink tank through the ink outlet port. As
described above, the ink circulates 1n the ink tank and the ink

flow paths 401. Because the ik circulates, the temperature
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of the imnkjet head 21 and the temperature of the ink are kept
constant, and the quality of the ink, which 1s affected by heat,
1s less changed, for example.

Next, the nozzle plate 100 will be described 1n detail. As
shown 1n FIGS. 3 and 4, the nozzle plate 100 includes the
nozzles 101, the driving elements 102, a vibration plate 104,
an insulation film 105, a lower electrode 106, an upper
clectrode 107, a protective film 108, and an ink-repellent
film 109. The 1nsulation film 105 and the protective film 108
are each an example of an insulator.

The vibration plate 104 1s, for example, an S10, (silicon
dioxide) film formed on the first surface 200q of the pressure
cell structure 200, and has a rectangular plate shape. In other
words, the vibration plate 104 1s an oxide film of the pressure
cell structure 200, which 1s a silicon water. The vibration
plate 104 may be made of another material such as single-
crystal S1 (silicon), Al,O; (aluminum oxide), HIO, (hainium
oxide), ZrO, (zircontum oxide), and DLC (Diamond Like
Carbon). The thickness of the vibration plate 104 1s, for
example, 4 um. The thickness of the vibration plate 104 1s
in the range of 1 to 50 um, approximately.

The vibration plate 104 includes a first surface 104a and
a second surface 1045. The first surface 104a 1s fixed to the
pressure cell structure 200, and covers the pressure cell 201.
The second surface 1045 1s opposite to the first surtace 104aq.

The lower electrode 106 1s formed on the second surface
1045 of the vibration plate 104. As shown in FIGS. 2 and 3,
the lower electrode 106 includes wiring parts 106a (wiring
patterns), connection terminal parts 1065, electrode parts
106¢ that come 1nto contact with the piezoelectric film 111,
and parallel arrangement parts 106/. The connection termi-
nal parts 1065 of the lower electrode 106 are each located at
one end of the shorter-side direction of the vibration plate
104 (1.¢., shorter-side direction of the nozzle plate 100). The
parallel arrangement part 106/ includes the connection ter-
minal parts 1065 arranged at the end of the nozzle plate 100
in parallel. The parallel arrangement parts 106/ are arrayed
at the end of the nozzle plate 100 along the longer-side
direction of the vibration plate 104 (longer-side direction of
the nozzle plate 100).

As shown i FIGS. 2 and 4, the upper electrode 107
includes a wiring part 107a (wiring pattern), a connection
terminal part 1075, and an electrode part 107¢ that comes
into contact with the piezoelectric film 111. The connection
terminal part 1075 1s located at one end of the shorter-side
direction of the vibration plate 104 (shorter-side direction of
the nozzle plate 100). As shown in FIG. 2, the connection
terminal part 1075 1s arranged between the connection
terminal parts 1065. Further, the connection terminal part
1075 1s arranged at the outside part of the parallel arrange-
ment part 106/. In addition, the connection terminal part
1076 1s arranged between the parallel arrangement parts
106/ arranged along the longer-side direction of the vibra-
tion plate 104 (longer-side direction of the nozzle plate 100).
Further, the connection terminal part 1075 1s located at both
ends of the parallel arrangement part 106f.

The lower electrode 106 1s a thin film made of, for
example, Pt (platinum) and Al (aluminum). The wiring part
107a and the connection terminal part 1075 of the upper
clectrode 107 are each a thin film made of 'T1 (titanium) and
Al. Note that the lower electrode 106 and the upper electrode
107 may be made of another material such as N1 (nickel), Cu
(copper), Al (aluminum), Ag (silver) T1 (titanium), W (tung-
sten), Mo (molybdenum), and Au (gold).

The thickness of the lower electrode 106 and the upper
clectrode 107 1s, for example, 0.5 um. The film thickness of
the lower electrode 106 and the upper electrode 107 1s 1n the
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range of 0.01 um to 1 um, approximately. The width of the
wiring part 106a of the lower electrode 106 and the wiring
part 107a of the upper electrode 107 1s, for example, 10 um.

As shown 1n FIGS. 3 and 4, the driving elements 102 each
include the electrode part 106¢ that comes 1nto contact with
the piezoelectric film 111, the piezoelectric film 111, and the
clectrode part 107¢ that comes 1nto contact with the piezo-
clectric film 111. The driving element 102 1s arranged on the
second surface 1045 of the vibration plate 104. The driving
clement 102 applies the pressure for causing the correspond-
ing nozzle 101 to eject ik drops to the ink 1n the corre-
sponding pressure cell 201.

The electrode part 106¢ that comes 1nto contact with the
piezoelectric film 111 of the lower electrode 106 1s arranged
on the second surface 1045 of the vibration plate 104. The
clectrode part 106¢ surrounds the nozzle 101 and has an
annular shape. The electrode part 106¢ and the nozzle 101
are arranged coaxially. The outer diameter of the electrode
part 106¢ 1s, for example, 133 um. The mner diameter of the
clectrode part 106c¢ 1s, for example, 30 um. According to this
structure, as shown in FIG. 3, the electrode part 106¢
includes a part 1064 that 1s arranged separately from the
nozzle 101 and does not come 1nto contact with the piezo-
clectric film 111. The electrode part 106¢ comes into contact
with the wiring part 106a at the part 1064, and conduction
between them 1s thereby ensured.

The wiring part 106qa of the lower electrode 106 connects
the electrode part 106¢ and the connection terminal part
1065 of the corresponding driving elements 102. The wiring
part 106a 1s arranged between the driving elements 102 in
the shorter-side direction of the nozzle plate 100 (e.g.,
horizontal direction of FIG. 2), the driving elements 102
being adjacent to each other in the longer-side direction of
the nozzle plate 100 (e.g., vertical direction of FIG. 2).

As shown 1 FIGS. 3 and 4, the piezoelectric film 111
surrounds the nozzle 101, and has the same size as the
clectrode part 106¢ of the lower electrode 106 and an
annular shape. The piezoelectric film 111 1s slightly smaller
than the electrode part 106¢. Alternatively, the piezoelectric
film 111 may be larger than the electrode part 106c. The
pieczoelectric film 111 and the nozzle 101 are arranged
coaxially. The piezoelectric film 111 covers the electrode
part 106c.

The piezoelectric film 111 1s a film made of lead zirco-
nium titanate (PZT) being a piezoelectric maternial. Alterna-
tively, the piezoelectric film 111 may be made of any one of
various piezoelectric materials such as PTO (PbTi0,: lead
titanate), PMNT (Pb(Mg, sNb, ;)O;—PbT10;), PZNT (Pb
(Zn, 4Nb, ,,)O,—PbT10,), ZnO, and AIN.

The thickness of the piezoelectric film 111 1s, for example,
2 um. The thickness of the piezoelectric film 111 1s deter-
mined based on its piezoelectric property, dielectric break-
down voltage, and the like. The thickness of the piezoelec-
tric film 111 1s 1n the range of 0.1 um to 5 um, approximately.

The piezoelectric film 111 1s polarized 1n the thickness
direction (e.g., vertical direction of FIG. 3) at the time when
the film 1s formed. In other words, for example, the piezo-
clectric film 111 1s polarized, the side on the electrode part
106¢ being positive, the side of the piezoelectric film 111 on
the electrode part 107¢ being negative. Drive voltage 1s
applied to the electrode part 106¢ of the lower electrode 106
and the electrode part 107 ¢ of the upper electrode 107. When
the drive voltage 1s applied, the electric field 1n the thickness
direction of the piezoelectric film 111 1s applied to the
polarized piezoelectric film 111. At this time, the piezoelec-
tric film 111 expands or contracts in the electric field
direction (thickness direction of the piezoelectric film 111),
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and contracts or expands 1n the direction (in-plane direction
of the piezoelectric film 111) perpendicular to the electric
field direction, at the same time. As a result, the drniving
clement 102, which includes the piezoelectric film 111,
expands or contracts 1n the electric field direction and
contracts or expands in the direction perpendicular to the
electric field direction, at the same time.

As the piezoelectric film 111, ferroelectric such as PZT 1s
used. Note that if a strong electric field 1s applied to the
piezoelectric film 111, the polarization of the piezoelectric
film 111 at the time when the film 1s formed is i1nverted.
Because of this, the electric field in the range in which the
polarization 1s not inverted 1s applied to the piezoelectric
film 111. As a result, the piezoelectric film 111 expands or
contracts as described above.

The electrode part 107¢ of the upper electrode 107
surrounds the nozzle 101, and has the same size as the
clectrode part 106¢ of the lower electrode 106 and the
piezoelectric film 111 and an annular shape. The electrode
part 107¢ 1s slightly smaller than the piezoelectric film 111.
Alternatively, the electrode part 107¢ may be larger than the
piezoelectric film 111. The electrode part 107¢ and the
nozzle 101 are arranged coaxially. The electrode part 107 ¢
covers the piezoelectric film 111. In other words, the elec-
trode part 107¢ 1s provided on the ejection side of the
piezoelectric film 111 (external side of the mkjet head 21)

The piezoelectric film 111 i1s interposed between the
clectrode part 106¢ of the lower electrode 106 and the
clectrode part 107¢ of the upper electrode 107. In other
words, the electrode part 106¢ and the electrode part 107¢
are arranged to be overlapped on both sides of the piezo-
clectric film 111. The piezoelectric film 111 insulates the
clectrode part 106¢ and the electrode part 107¢ from each
other. The electrode part 107¢ faces the electrode part 106¢
via the piezoelectric film 111.

The electrode part 107¢ of the upper electrode 107
constitutes the outer surface 102a of the driving element
102. The outer surface 102a 1s one surface of the driving
clement 102 that faces the opposition side of the vibration
plate 104. In other words, the outer surface 102q faces the
ejection side of the driving element 102. The outer surface
102a 1s a surface approximately parallel to the second
surface 1045 of the vibration plate 104.

The 1nsulation film 105 covers the second surface 1045 of
the vibration plate 104, the surface of the driving element
102, and the wiring part 106a of the lower electrode 106.
The 1msulation film 1035 includes holes 1055 that expose the
connection terminal part 1065 of the lower electrode 106.

The 1nsulation film 105 1s made of, for example, S10.,.
The insulation film 105 may be made of another material
such as SiN (silicon nitride). The insulation film 105 has the
uniform size on the second surface 1045 of the vibration
plate 104, the surface of the driving element 102, and the
clectrode part 106¢ of the lower electrode 106. The thickness
of the insulation film 105 1s 1 wm. The thickness of the
insulation film 105 1s preferably, 1n the range of 0.1 um to
um, approximately. Note that the thickness of the insulation
film 105 may be partially different.

As shown i FIGS. 3 and 4, the insulation film 105
includes contact parts 113. Fach of the contact parts 113 1s
a hole 105¢ provided on part of the insulation film 105 on the
outer surface 102a of the corresponding driving element
102. The contact part 113 has, for example, a circular shape
whose diameter 1s 20 um. The hole 1055 partially exposes
part of the electrode part 106¢ of the lower electrode 106,
which does not come mto contact with the piezoelectric film
111. In addition, the hole 1035¢ partially exposes part of the
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clectrode part 107¢, which does not come 1nto contact with
the piezoelectric film 111. The hole 105¢ 1s provided closer
to the outer periphery of the electrode part 107¢ rather than
at the center between the inner periphery and the outer
periphery of the electrode part 107¢ having an annular
shape.

As shown in FIG. 4, the connection terminal part 1075 of
the upper clectrode 107 and the wiring part 107a of the
upper electrode 107 are arranged on the surface 105a of the
insulation film 105. In other words, the connection terminal
part 1076 and the wiring part 107a are arranged on the
insulation film 105. The surface 1035a of the 1nsulation film
1035 faces the opposition direction of the vibration plate 104.

As shown in FIGS. 3 and 4, the wiring part 107a of the
upper electrode 107 connects the electrode part 107¢ and the
connection terminal part 1075 of the corresponding driving
clement 102. The wiring part 107a extends in the shorter
side direction (e.g., horizontal direction of FIG. 3) of the
nozzle plate 100.

As shown 1n FIG. 2, the wiring parts 107a join together
at near the center of the shorter-side direction (horizontal
direction of FIG. 2) of the nozzle plate 100, and thereby
forms part extending along the longer-side direction (verti-
cal direction of FIG. 2) of the nozzle plate 100. As a result,
the connection terminal part 1075 and 8 electrode parts 107 ¢
are connected to each other by the wiring part 107a. On the
other hand, the wiring parts 107a, which are connected to the
driving elements 102 at the end of the shorter-side direction
and pulled out to the end of the nozzle plate 100 at regular
intervals, are each connected to the corresponding connec-
tion terminal part 1075 and arranged so that the distance
between the driving element 102 and the connection termi-
nal part 1075 decreases.

As shown in FIG. 4, the wiring part 107a of the upper
clectrode 107 arranged on the surface 105q of the msulation
film 105, which covers the driving element 102. One end of
the wiring part 107a 1s connected to the electrode part 107 ¢
of the upper electrode 107 through the contact part 113 (hole
105¢). In other words, the contact part 113 1s obtained by
partially removing the insulation film 105 1n order to con-
nect the wiring part 107a to the electrode part 107c.

The 1nsulation film 105 separates the wiring part 107a of
the upper electrode 107 and the electrode part 106¢ of the
lower electrode 106 from each other. The msulation film 1035
prevents the lower electrode 106 and the upper electrode 107
from being electrically connected.

The protective film 108 1s arranged on the second surface
1045 of the vibration plate 104. The protective film 108 1s
made of photosensitive polyimide such as “Photoneece”™
(registered trademark) produced by Toray industries, Inc. In
other words, the protective film 108 1s made of an 1sulating
material different from the msulation film 105. Alternatively,
the protective film 108 may be made of another insulating,
material such as resin and ceramics. Resin such as a plastic
material such as another kind of polyimide, ABS, polyacetal,
polyamide, polycarbonate, and polyethersulione 1s used.
Ceramics such as nitride, carbide, and oxide such as zirco-
nia, silicon carbide, silicon nitride, and barium titanate 1s
used. In addition, the protective film 108 may be made of a
metal material as long as 1t has msulation properties for the
driving element 102 and the upper electrode 107. The metal
material 1s, for example, aluminum, SUS, and titanium.

The material of the protective film 108 1s selected in
consideration of the heat resistance, insulation properties,
thermal expansion coeflicient, smoothness, and wettability
with respect to ink. The insulation properties the material
may aflect the degree of change 1n the quality of ink when

5

10

15

20

25

30

35

40

45

50

55

60

65

10

the driving elements 102 drive, 1n the case where the ikjet
printer 1 uses ink having a high conductivity.

The protective f1lm 108 covers the second surface 1045 of
the vibration plate 104, the surface 105a of the insulation
film 105, and the wiring part 107a of the upper electrode
107. In other words, the protective film 108 covers the
driving element 102 and the wiring part 106a of the lower
clectrode 106 from above the msulation film 105. The
protective film 108 protects the driving element 102, the
lower electrode 106, and the upper electrode 107 from, for
example, ink and water mn air. The protective film 108
includes holes exposing the connection terminal parts 1065
and 1075 of the lower electrodes 106 and 107, respectively.
The Young’s modulus of the material of the protective
film 108 1s different from the Young’s modulus of the
maternial of the vibration plate 104. The vibration plate 104
1s made of S10,, the Young’s modulus thereof being 80.6
GPa. On the other hand, the protective film 108 1s made of
polyimide, the Young’s modulus thereof being 4 GPa. In
other words, the Young’s modulus of the protective film 108
1s smaller than the Young’s modulus of the vibration plate
104.

The surface 108a of the protective film 108 has a sub-
stantially smooth shape, but has a minute concavity and
convexity. For example, part of the surface 108a of the
protective film 108, on which the driving element 102 1s
provided, protrudes than the other part. The surface 108a of
the protective film 108 1s opposite to the surface fixed to the
vibration plate 104.

The thickness of the protective film 108 1s 4 um, approxi-
mately, excluding the part of the protective film 108 on
which the driving element 102, the lower electrode 106, and
the upper electrode 107 are arranged. The film thickness of
the protective film 108 1s i1n the range of 1 to 30 um,
approximately. The thickness of the protective film 108 is
the distance from the second surface 10456 of the vibration
plate 104 to the surface 108a of the protective film 108. The
thickness of the protective film 108 formed on the driving
clement 102 1s 2.5 um, approximately. This thickness of the
protective film 108 1s the distance from the surface 105a of
the msulation film 103 arranged on the driving element 102
to the surtace 108a of the protective film 108.

The ink-repellent film 109 covers the protective film 108
and part of the insulation film 105. The ink-repellent film
109 1s made of silicon-series liquid-repellent material having
liquid repellency or fluorinated organic material, such as
“Cytop” (registered trademark) produced by Asahi Glass
Co. Ltd. Note that the ink-repellent film 109 may be made
ol another material.

The ink-repellent film 109 does not cover but exposes the
protective film 108 around the connection terminal part 10656
of the lower electrode 106 and the connection terminal part
10756 of the upper electrode 107. The surface 109a of the
ink-repellent film 109 constitutes the surface of the nozzle
plate 100. The surface 109¢a of the ink-repellent film 109 1s
opposite to the surface fixed to the protective film 108.

The thickness of the ink-repellent film 109 1s, for
example, 1 um, excluding the part of the mk-repellent film
109 on which the driving elements 102, the upper electrode
107, and the lower electrode 106 are arranged. The thickness
of the ink-repellent film 109 1s preferably, for example, 1n
the range of 0.01 um to 10 um. The thickness of part of the
ink-repellent film 109, on which the driving element 102 1s
provided, 1s smaller than the other part. Note that the
thickness of the ink-repellent film 109 may be constant.

Ink drops attached to the vicinity of the nozzle 101 may
reduce the stability of ink ejection, the ink drops being
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¢jected by the nozzle 101. The ink-repellent film 109 pre-
vents 1k drops from being attached to the surface of the
nozzle plate 100.

The nozzle 101 penetrates through the vibration plate 104,
the protective film 108, and the ink-repellent film 109. In
other words, the nozzle 101 is formed on the vibration plate

104, the protective film 108, and the ink-repellent film 109.
The vibration plate 104 and the protective film 108 are each
ink-philic (Iyophilic), and thereby the meniscus of ink stored
in the pressure cells 201 1s kept 1n the nozzle 101. Part of the
protective {ilm 108 1s imnterposed between the nozzle 101 and
the peripheral surface of the driving element 102.

A controller (not shown) 1s connected to the connection
terminal part 10656 of the lower electrode 106 wvia, for
example, a flexible cable. The controller 1s, for example, an
IC that controls the inkjet head 21 or a microcomputer that
controls the 1nkjet printer 1. On the other hand, the connec-
tion terminal part 1075 of the upper electrode 107 1s con-
nected to, for example, GND (grounded=0V).

The controller transmits signals for driving the corre-
sponding driving element 102 to the lower electrode 106.
The lower electrode 106 1s used as an individual electrode
that drives the driving elements 102 independently.

The 1nkjet head 21 performs printing (forms 1mages) as
follows, for example. In response to an operation from a
user, a print instruction signal 1s mput 1n a controller. In
response to the printing instruction, the controller applies the
signal to the driving elements 102. In other words, the
controller applies drive voltage to the electrode part 106¢ of
the lower electrode 106.

When the signal (drive voltage) 1s applied to the electrode
part 106¢ of the lower electrode 106, a diflerence 1n potential
1s generated between the electrode part 106¢ of the lower
clectrode 106 and the electrode part 107¢ of the upper
electrode 107. As a result, the electric field 1n the thickness
direction of the piezoelectric film 111 1s applied to the
piezoelectric film 111, and the piezoelectric film 111 thereby
contracts. Specifically, the piezoelectric film 111 expands or
contracts 1n its thickness direction (electric field direction),
and contracts or expands 1n the in-plane direction (direction
perpendicular to the electric field direction), at the same
time. Similarly, the driving element 102 including the piezo-
clectric film 111 expands or contracts i the thickness
direction of the piezoelectric film 111, and contracts or
expands 1n the in-plane direction of the piezoelectric film
111, at the same time. In the following description, expan-
sion and contraction of the driving element 102 (piezoelec-
tric film 111) only 1n the 1n-plane direction will be described,
and expansion and contraction of the driving element 102
(piezoelectric film 111) 1n the thickness direction will not be
described.

In the nozzle plate 100, the driving element 102 expands
in the in-plane direction, and thereby deforms (bends) so that
the volume of the pressure cell 201 1s decreased. As a result,
when the driving element 102 expands in the in-plane
direction, the vibration plate 104, which 1s connected to the
driving element 102, deforms (bends) so that the volume of
the pressure cell 201 1s decreased. In addition, the driving
clement 102 contracts 1n the in-plane direction, and thereby
deforms (bends) so that the volume of the pressure cell 201
1s increased. As a result, when the drniving element 102
contracts 1n the in-plane direction, the vibration plate 104,
which 1s connected to the driving element 102, bends so that
the volume of the pressure cell 201 1s increased. At this time,
the 1nsulation film 105 and the protective film 108 inhibits
the bending of the vibration plate 104.
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In more detailed description, as shown 1n FIGS. 3 and 4,
the driving element 102 1s sandwiched between the vibration
plate 104, the msulation film 105, and the protective film
108. With this structure, when the driving element 102
expands 1n the in-plane direction (direction perpendicular to
the electric field direction) of the piezoelectric film 111, a
force 1s applied to the vibration plate 104, and the vibration
plate 104 deforms 1n concave shape 1n the direction toward
the pressure cell 201 side. In other words, the vibration plate
104 intends to bend 1n the direction 1n which the volume of
the pressure cell 201 1s increased. To the contrary, a force 1s
applied to the insulation film 1035 and the protective film
108, and the insulation film 105 and the protective film 108
deform 1n a convex shape in the direction toward the
pressure cell 201 side. In other words, the isulation film 105
and the protective film 108 intend to bend 1n the direction 1n
which the volume of the pressure cell 201 1s decreased.

On the other hand, when the driving element 102 con-
tracts in the 1n-plane direction (direction perpendicular to the
clectric field direction) of the piezoelectric film 111, a force
1s applied to the vibration plate 104, and the vibration plate
104 deforms 1n a convex shape 1in the direction toward the
pressure cell 201 side. In other words, the vibration plate 104
intends to bend 1n the direction in which the volume of the
pressure cell 201 1s decreased. In addition, a force 1s applied
to the insulation film 105 and the protective film 108, and the
insulation film 105 and the protective film 108 deform 1n a
concave shape in the direction toward the pressure cell 201
side. In other words, the insulation film 105 and the protec-
tive film 108 intend to bend in the direction in which the
volume of the pressure cell 201 1s increased.

As described above, the vibration plate 104, and the
insulation film 105 and the protective film 108 intend to
bend 1n a direction opposite to each other. Specifically, the
insulator formed by the insulation film 105 and the protec-

tive film 108 generates a force ({ilm stress) that inhibits the
deforming of the vibration plate 104 by the driving element
102.

The deformation amount of a member 1s atiected by the
Young’s modulus and the thickness of the member. The
Young’s modulus of polyimide, which forms the protective
film 108, 1s smaller than the Young’s modulus of Si10,,
which forms the vibration plate 104. Because of this, when
the same amount of force 1s applied to the protective film
108 and the vibration plate 104, the protective film 108
deforms larger than the vibration plate 104. Further, the
insulation film 105 1s thunner than the vibration plate 104.
Because of this, when the same amount of force 1s applied
to the mnsulation film 105 and the vibration plate 104, the
insulation film 105 deforms larger than the vibration plate
104.

As described above, the driving element 102 works 1n the
bending mode (bending vibration). When voltage 1s applied
to the driving element 102, the vibration plate 104 deforms
because of the driving element 102, and the volume of the
pressure cell 201 1s thereby changed.

First, the dnving element 102 causes the vibration plate
104 to deform, and the volume of the pressure cell 201 1s
thereby increased. As a result, negative pressure 1s generated
on the 1nk stored in the pressure cell 201, and the ik tlows
from the 1k flow path 401 into the pressure cell 201.

Next, the driving element 102 causes the vibration plate
104 to deform, and the volume of the pressure cell 201 1s
thereby decreased. As a result, the ink in the pressure cell
201 1s pressurized (positive pressure 1s generated on the k).
The positive pressure applied to the ink does not escape to
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the ink flow path 401 and 1s kept 1n the pressure cell 201. As
a result, the pressurized ink 1s ejected from the nozzle 101.

The larger the diflerence between the Young’s modulus of
the vibration plate 104 and the Young’s modulus of the
protective film 108, the lower the voltage of the 1nk ejection,
thereby causing the mkjet head 21 to eject ik effectively.
Further, the larger the difference between the thickness of
the insulator formed of the insulation film 105 and the
protective film 108 and the thickness of the vibration plate
104, the lower the voltage of the ink ejection, thereby
causing the nkjet head 21 to eject ink effectively.

Next, an example of a method of manufacturing the inkjet
head 21 will be described. First, before forming the pressure
cells 201, an S10, film 1s formed as the vibration plate 104
on the entire area of the first surface 2004 of the pressure cell
structure 200 (silicon water). The S10, film 1s formed by a
thermally-oxidized film-forming method for example. Note
that the S10, film may be formed by using another method
such as a CVD method.

A silicon water, from which the pressure cell structure 200
1s formed, 1s one large circular plate.

The pressure cell structures 200 are cut out from the
silicon wafer later. Alternatively, one pressure cell structure
200 may be formed from one rectangular silicon water.

The silicon water 1s repeatedly heated and thin films are
formed when the inkjet head 21 1s manufactured. In view of
this, the silicon water 1s heat-resistant, complies with SEMI
(Semiconductor Equipment and Maternals international)
standard, and 1s mirror-polished and smoothed.

Next, a metal film as the lower electrode 106 1s formed on
the second surface 1045 of the vibration plate 104. First, Ti
and Pt are sputtered, and T1 and Pt films are formed in order.
The film thickness of Pt 1s, for example, 0.45 um. The film
thickness of T1 1s, for example, 0.05 um. Note that the metal
films may be formed by another method such as vapor
deposition and metal plating.

Next, the piezoelectric film 111 1s formed on the metal
film as the lower electrode 106. The piezoelectric film 111 1s
formed by, for example, an RF magnetron sputtering
method. At this time, the temperature of the silicon water 1s,
for example, 350° C. After the piezoelectric film 111 1s
formed, the piezoelectric film 111 1s heated at 650° C. for 3
hours 1n order to apply piezoelectricity. As a result, the
piezoelectric film 111 obtains good crystallinity and good
piezoelectricity, at the same time. The piezoelectric film 111
may be formed by another method such as CVD (chemical
vapor deposition), a sol-gel method, an AD method (aerosol
deposition method), and a hydrothermal synthesis method.

Next, a metal film of Pt as the electrode part 107¢ of the
upper electrode 107 1s formed on the piezoelectric film 111.
The metal film 1s formed by a sputtering method. The metal
film may be formed by another method such as vacuum
vapor deposition and metal plating.

Next, the metal film and the piezoelectric film 111 are
ctched, and the electrode part 107¢ of the upper electrode
107 and the piezoelectric film 111 are patterned. An etching
mask 1s formed on the metal film, the metal film and the
piezoelectric film 111 uncovered by the etching mask are
ctched and removed, and the electrode part 107¢ of the upper
clectrode 107 and the piezoelectric film 111 are thereby
patterned. The metal film and the piezoelectric film 111 are
patterned at the same time. Note that the metal film and the
piezoelectric film 111 may be patterned individually. The
etching mask 1s formed as follows. The metal film 1s coated
with a photosensitive resist, then prebaked, exposed with
light where it 1s covered with a mask on which a desired
pattern 1s formed, developed, and postbaked.
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Next, the lower electrode 106 1s formed by patterning. An
etching mask 1s formed on the piezoelectric film 111, the
clectrode part 107 ¢ of the upper electrode 107, and the metal
film (Pt/T1) under the piezoelectric film 111, part of the metal
f1lm uncovered by the etching mask 1s etched and removed,
and the lower electrode 106 i1s thereby patterned. The
ctching mask 1s formed as follows. The piezoelectric film
111, the electrode part 107¢ of the upper electrode 107, and
the metal film (Pt/T1) under the piezoelectric film 111 are
coated with a photosensitive resist, then prebaked, exposed
with light where 1t 1s covered with a mask on which a desired
pattern 1s formed, developed, and postbaked.

The nozzle 101 1s formed at the center of the piezoelectric
film 111 and the electrode parts 106¢ and 107¢ of the lower
clectrode 106 and the upper electrode 107. With this struc-
ture, a portion without the metal film and the piezoelectric
film 111 1s formed, the portion and the electrode parts 106¢
and 107¢ and the piezoelectric film 111 being concentric, the
center of the portion and the center of the electrode parts
106¢ and 107 ¢ and the piezoelectric film 111 being the same.
In this way, the driving element 102 1s formed on the second
surface 1045 of the vibration plate 104. By the patterning,
the vibration plate 104 1s exposed except for the wiring part
106a of the lower electrode 106, the electrode part 106¢ of
the lower electrode 106, and the driving element 102.

Next, the insulation film 105 i1s formed on the second
surface 1045 of the vibration plate 104 and the driving
clement 102. The msulation film 105 1s formed by the CVD
method, which realizes good insulation properties at a low
temperature. Alternatively, the insulation film 105 may be
formed by another method such as a sputtering method and
vapor deposition.

After the insulation film 105 1s formed, the 1nsulation film
105 1s patterned. Because the nozzle 101 1s formed, a portion
without the insulation film 105 1s formed, the portion and the
driving element 102 being concentric, the center of the
portion and the center of the driving element 102 being the
same. At the same time, the contact part 113 1s formed. The
diameter of the portion without the insulation film 105 1s, for
example, 10 um. The mmsulation film 105 uncovered by the
etching mask 1s etched and removed, and the 1nsulation film
105 1s thereby patterned. The etching mask 1s formed as
follows. The 1nsulation film 105 1s coated with a photosen-
sitive resist, then prebaked, exposed with light where 1t 1s
covered with a mask on which a desired pattern 1s formed,
developed, fixed, and postbaked.

Next, a metal film as the wiring part 106a and the
connection terminal parts 1065 of the lower electrode 106
and the wiring parts 1074 and the connection terminal part
1075 of the upper electrode 107 1s formed on the 1nsulation
film 105. The metal film 1s a T1 (titanium)/Al (aluminum)
thin film formed by, for example, a sputtering method. The
film thickness of Ti 1s, for example, 0.1 um. The film
thickness of Al 1s, for example, 0.4 um. The metal film may
be formed by another method such as vacuum vapor depo-
sition and metal plating. The metal film 1s connected to any
one of the electrode part 106¢ of the lower electrode 106 and
the electrode part 107¢ of the upper electrode 107 through
the contact part 113.

By patterning the metal film, the wiring part 106a and the
connection terminal part 1065 of the lower electrode 106

and the wiring part 107a and the connection terminal part
1076 of the upper clectrode 107 are formed. An etching
mask 1s formed on the metal film, the metal film uncovered
by the etching mask is etched and removed, and the metal
film 1s thereby patterned. The etching mask 1s formed as
follows. The metal film 1s coated with a photosensitive
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resist, then prebaked, exposed with light where 1t 1s covered
with a mask on which a desired pattern 1s formed, devel-
oped, and postbaked.

Next, an S10, film as the vibration plate 104 1s patterned,
and part of the nozzle 101 1s formed. An etching mask 1s
formed on the S10, film, the S10, film uncovered by the
ctching mask 1s etched and removed, and the S10, film 1s
thereby patterned. The etching mask 1s formed as follows.
The wvibration plate 104 1s coated with a photosensitive
resist, then prebaked, exposed with light where 1t 1s covered
with a mask on which a desired pattern 1s formed, devel-
oped, and postbaked.

Next, the protective film 108 1s formed on the vibration
plate 104, the 1nsulation film 105, the wiring part 106a and
the connection terminal part 1065 of the lower electrode
106, and the wiring part 107a and the connection terminal
part 1075 of the upper electrode 107 by a spin coating
method (spin coating). In other words, the protective film
108 that covers the insulation film 105 1s formed. First,
polyimide precursor-containing solution covers the second
surface 1045 of the vibration plate 104 and the insulation
film 105. Next, the silicon wafer 1s rotated, and the surface

of the solution 1s thereby smoothed. The solution 1s baked
tor thermal polymerization, and removed, and the protective
film 108 1s thereby formed.

The protective film 108 may not be formed by spin
coating. The protective film 108 may be formed by another
method such as CVD, vacuum vapor deposition, and metal
plating.

By patterning the protective film 108, the nozzle 101 1s
formed and the connection terminal part 10656 of the lower
clectrode 106 and the connection terminal part 1075 of the
upper electrode 107 are exposed. The protective film 108 1s
patterned 1n the procedure depending on the material of the
protective film 108.

The case where the protective film 108 1s formed of
non-photosensitive polyimide such as “Semicofine” (regis-
tered trademark) produced by Toray industries, Inc. will be
described. First, polyimide precursor-containing solution 1s
spin coated to form a film. The solution 1s baked for thermal
polymerization, removed, and thereby burned and formed.
After that, an etching mask 1s formed on the non-photosen-
sitive polyimide film, part of the non-photosensitive poly-
imide film uncovered by the etching mask 1s etched and
removed, and the non-photosensitive polyimide film 1s
thereby patterned. The etching mask 1s formed as follows.
The non-photosensitive polyimide film 1s coated with a
photosensitive resist, then prebaked, exposed with light,
where 1t 1s covered with a mask on which a desired pattern
1s formed, developed, and postbaked.

The case where the protective film 108 1s made of
photosensitive polyimide such as “Photoneece” (registered
trademark) produced by Toray industries, Inc. will be
described. First, solution 1s spin coated to form a film. After
that, the solution 1s prebaked. After that, the solution 1s
patterned after exposure with a mask and a developing
process. In the case of positive photosensitive polyimide,
portions ol the mask, which correspond to the nozzle 101,
the opening (not shown), the connection terminal part 1065
of the lower electrode 106, and the connection terminal part
10756 of the upper electrode 107, are opened (light transmuits
through the portions). In the case of negative photosensitive
polyimide, the mask shields portions of the mask, which
correspond to the nozzle 101, the opening (not shown), the
connection terminal part 1066 of the lower electrode 106,
and the connection terminal part 1075 of the upper electrode
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107, from light. After that, the resulting object 1s postbaked
and burned, and the protective film 108 1s thereby formed.

Next, a cover tape 1s adhered to the protective film 108.
The cover tape 1s, for example, a back-side protective tape
for chemical mechanical polishing (CMP) for a silicon
waler. The pressure cell structure 200 with the cover tape 1s
turned upside down, and the pressure cells 201 are formed
through the pressure cell structure 200. The pressure cells
201 are formed by patterning.

FIGS. 3 and 4 are each a sectional view showing the inkjet
head according to this embodiment, on which an 1nsulating
protective film 1s formed. The pressure cell structure 200 1s
ctched by using a vertical deep dry etching dedicated to
silicon substrates, which 1s called as Deep-RIE (see, for
example, W0O2003/030239), and the pressure cells 201 are

thereby formed. At this time, a resist mask on which a
desired pattern 1s formed 1s formed on the pressure cell
structure 200 being a silicon wafer. With this structure, the
pressure cells 201 are formed 1n a desired pattern. The resist
mask 1s formed as follows. The pressure cell structure 200
1s coated with a photosensitive resist, then prebaked,
exposed with light where 1t 1s covered with a mask on which
a desired pattern 1s formed, developed, and postbaked.

SF. gas 1s used for this etching. The S10, film of the
vibration plate 104 and the polyimide film of the protective
film 108 are not etched when SF, gas 1s used. Because of
this, the silicon water, which forms the pressure cells 201, 1s
dry etched, but the vibration plate 104 and the other mem-
bers are not dry etched. In other words, the vibration plate
104 functions as an etching stop layer.

Note that instead of that etching, any one of various
methods may be used such as wet etching in which chemaical
solution 1s used and dry etching 1n which plasma 1s used. The
ctching methods and the etching conditions may be changed
depending on the material.

As described above, steps from the step of forming the
driving element 102 and the nozzle 101 on the vibration
plate 104 to the step of forming the pressure cells 201 1n the
pressure cell structure 200 are performed by using film-
forming techniques, photolithography etching techniques,
and a spin coating method. Because of this, the nozzle 101,
the driving element 102, and the pressure cell 201 are
formed 1n a silicon watfer accurately and easily.

Next, the ik flow path structure 400 1s bonded to the
second surface 2006 of the pressure cell structure 200.
Specifically, the ink flow path structure 400 1s bonded to the
pressure cell structure 200 with epoxy-based adhesive.

Next, a cover tape 1s adhered to part of the protective film
108, and the cover tape thereby covers the connection
terminal part 1065 of the lower electrode 106 and the
connection terminal part 1075 of the upper electrode 107.
The cover tape 1s made of resin, and the cover tape can
thereby be removed from the protective film 108 easily.
Thanks to the cover tape, dusts and the ink-repellent film
109 less attach to the connection terminal part 1065 of the
lower electrode 106 and the connection terminal part 1075
of the upper electrode 107.

Next, the ink-repellent film 109 1s formed on the protec-
tive film 108. A liquid ink-repellent film material 1s spin
coated on the protective film 108, and the imk-repellent film
109 1s thereby formed. At thus time, positive pressure air 1s
injected 1nto the ink inlet port. As a result, positive pressure
air 1s discharged from the nozzle 101 1n communication with
the ik tlow path 401. When the liquid ink-repellent film
material 1s coated on the protective film 108 1n this situation,
the ink-repellent film material less attaches to the inner wall
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of the nozzle 101. After the ink-repellent film 109 1s formed,
the cover tape 1s peeled from the protective film 108.

Next, the silicon water 1s divided, and the inkjet heads 21
are thereby formed. The inkjet head 21 1s mounted 1n the
inkjet printer 1. A controller 1s connected to the connection
terminal part 10656 of the lower electrode 106 wvia, for
example, a flexible cable. Further, the 1nk inlet port and the
ink outlet port of the ik flow path structure 400 are
connected to the ik tank via, for example, a tube.

As described above, 1n this embodiment, the nozzle plate
100 1s formed on the pressure cell structure 200. However,
instead of forming the nozzle plate 100 on the pressure cell
structure 200, part of the pressure cell structure 200 may be
used as the vibration plate 104. For example, the driving
clement 102 1s formed on one surface of the pressure cell
structure 200, and a hole corresponding to the pressure cell
201 1s formed on the other surface of the pressure cell
structure 200. The hole does not penetrate through the
pressure cell structure 200. The forming of the hole leaves
a thin layer on the one surface of the pressure cell structure
200, and the thin layer serves as the vibration plate 104.

Next, with reference to FIG. 2, the operation and eflect of
the structure according to this embodiment will be
described. The inkjet head 21 of the inkjet printer 1 of this
embodiment includes the nozzle plate 100 on which the
nozzles 101 are formed, and the driving elements 102
(actuators) corresponding to the individual nozzles 101 one
to one. The nozzle plate 100 includes the electrode parts
107¢ (electrode parts of common electrodes), which are
connected to the dnving elements 102 and apply voltage to
the dniving elements 102, and the electrode part 106c¢
(clectrode part of an individual electrode) for applying
voltage to the corresponding driving element 102. Further,
the parallel arrangement parts 106/ are provided at the end
of the nozzle plate 100 (e.g., end on the left side of FIG. 2).
The parallel arrangement parts 106/ are arranged along the
longer-side direction of the vibration plate 104 (longer-side
direction of the nozzle plate 100). Each of the parallel
arrangement part 106/ includes the connection terminal parts
10656 being the connection terminals of the mdividual elec-
trodes. Each of the connection terminal parts 1065 1s con-
nected to the electrode part 106c¢ of the lower electrode 106.
The connection terminal parts 10656 are arranged in the
parallel arrangement part 106/ along the longer-side direc-
tion of the vibration plate 104 (longer-side direction of the
nozzle plate 100). The connection terminal part 1075 1s
located between the connection terminal parts 1065. The
connection terminal part 1075 1s arranged outside of the
parallel arrangement part 106f. The connection terminal part
1075 1s located between the parallel arrangement parts 106f.
The connection terminal part 1075 1s located at both ends of
the parallel arrangement part 106/. According to this struc-
ture, the connection terminal parts 1075 of the upper elec-
trode 107 can be pulled out to the end of the nozzle plate 100
with high frequency. As a result, the distance between the
clectrode part 107¢ and the connection terminal part 1075 1n
the driving element 102 can be decreased as compared with
the case where the connection terminal part 1075, which 1s
the connection terminal of the electrode part 107¢ and the
external element for applying voltage, 1s arranged only at the
end of the head body. According to this structure, the
distance between the driving element 102 and the connec-
tion terminal part 10756 of the electrode part 107¢ can be
decreased. As a result, the voltage changes caused due to
wiring resistance can be reduced. Further, the difference
between the maximum distance and the minimum distance
between the electrode part 107¢ and the connection terminal
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part 1075 1n the driving element 102 can be decreased. As
a result, the difference between voltage changes in the
driving elements 102 1s decreased, and the stability of the
driving of each drniving element 102 can be thereby main-
tamned. In addition, because the connection terminal parts
10756 are provided with high frequency, current concentra-
tion can be avoided and the reduction 1 yield due to
short-circuiting, wiring damage, or the like, can be sup-
pressed.

In addition, 1n this embodiment, the driving elements 102
(actuators) are divided into groups, and the electrode parts
106¢ of the lower electrodes 106 (1individual electrodes) and
the electrode part 107¢ of the upper electrode 107 (common
clectrode) are arranged for each group. As shown 1n FIG. 2,
the wiring part 107a of the upper electrode 107 1s arranged
at the substantially central position of each driving element
102 with 8 driving elements 102 as one group, herein. The
wiring part 106a of the lower electrode 106 extends 1n the
direction perpendicular to the direction 1n which the wiring
parts 107a are arranged. Note that the wiring parts 106a of
the lower electrode 106 are arranged at both ends of the
driving elements 102 for each group in the direction 1n
which the parallel arrangement parts 106/ of the connection
terminal part 10656 of the lower electrode 106 are arranged.
Further, the wiring parts 106a of the lower electrode 106 are
arranged between one line of driving elements 102 and the
next line of driving elements 102, the lines being adjacent to
cach other i1n the longer-side direction of the nozzle plate
100, and 1s pulled out to the connection terminal parts 1065.
According to this structure, the driving elements 102 1n each
group can be regularly formed to have the same shape, and
the method of manufacturing the inkjet heads 21 can be
made easy.

Note that the number of driving elements 102 1n one
group does not necessarily need to be the same and the
number of driving elements 1n each group may be changed
although the example 1n which all of the groups have the
same number of driving elements 102 with 8 driving ele-
ments 102 as one group has been described 1n this embodi-
ment. Also 1n this case, the difference between the maximum
distance and the mimimum distance between the electrode
part 107¢ and the connection terminal part 1075 in the
driving element 102 can be decreased. As a result, by
forming the connection terminal parts 1075 of the electrode
part 107¢ with high frequency, the maximum distance
between the connection terminal parts 1075 of the electrode
part 107¢ and the driving elements 102 can be decreased and
the difference between the maximum distance and the mini-
mum distance can be reduced, at the same time. The driving
clement 102 1s thereby less aflected.

According to this embodiment, 1t 1s possible to decrease
the maximum distance between the connection terminal of
the common electrode and the driving element (actuator),
and to provide an inkjet head and an inkjet recording
apparatus having high stability obtained by driving each
driving element stably.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the mventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes i1n the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claiams and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.
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What 1s claimed 1s:
1. An inkjet head, comprising;:
a nozzle plate with a plurality of nozzles for ejecting 1nk;
actuators arranged on the nozzle plate, the actuators
corresponding to the nozzles one to one;
individual electrodes on the nozzle plate, each of the
individual electrodes being electrically connected to a
corresponding one of the actuators and including a
connection terminal connectable to an external ele-
ment; and
a common electrode on the nozzle plate and electrically
connected to each of the actuators, the common elec-
trode including a wiring, which connects adjacent
actuators, and a connection terminal connectable to the
external element, the connection terminal of the com-
mon electrode being between the connection terminals
of the individual electrodes.
2. The mnkjet head according to claim 1, wherein
the actuators are divided into groups,
the individual electrodes and the common electrode are
provided for each of the groups, and
a parallel arrangement part 1s provided at an end of the
nozzle plate for each of the groups, the parallel arrange-
ment part imncluding the connection terminals of the
individual electrodes arranged in parallel with each
other.
3. The nkjet head according to claim 2, wherein
the connection terminal of the common electrode 1s
provided outside of the parallel arrangement part.
4. The nkjet head according to claim 3, wherein
cach of the individual electrodes includes
an electrode part connected to the corresponding actua-
tor, and
a wiring part that connects the connection terminal of
the individual electrode and the electrode part to
each other, and
the wiring part 1s arranged between the actuators and 1s
pulled out to the connection terminal of the individual
clectrode.
5. The nkjet head according to claim 2, wherein
cach of the groups has a same number of individual
clectrodes.
6. The 1nkjet head according to claim 4, wherein
the wiring parts of the individual electrodes for one group
of the actuators are provided at both the sides of the one
group of the actuators 1n an arrangement direction, the
connection terminals of the mndividual electrodes being
arranged 1n the parallel arrangement part in the arrange-
ment direction.
7. An inkjet recording apparatus, comprising:
a conveyer apparatus that conveys recording paper; and
an inkjet head that ejects ik on the recording paper
conveyed by the conveyer apparatus to form an 1mage,
wherein
the 1inkjet head includes:
a nozzle plate with a plurality of nozzles for ejecting
ink,
a plurality of actuators arranged on the nozzle plate, the
actuators corresponding to the nozzles one to one,
individual electrodes on the nozzle plate, each of the
individual electrodes being connected to a corre-
sponding one of the actuators in the plurality of
actuators and including a connection terminal con-
nectable to an external element, and
a common electrode on the nozzle plate and connected
to the plurality of actuators, the common electrode
including a wiring, which connects adjacent actua-
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tors in the plurality, and a connection terminal con-
nectable to the external element, the connection
terminal of the common electrode being between the
connection terminals of the individual electrodes.
8. The mkjet recording apparatus according to claim 7,

wherein

the actuators are divided into groups,

the individual electrodes and the common electrode are
provided for each of the groups, and

a parallel arrangement part 1s provided at an end of the
nozzle plate for each of the groups, the parallel arrange-
ment part including the connection terminals of the
individual electrodes arranged in parallel with each
other.

9. The 1nkjet recording apparatus according to claim 8,

wherein

the connection terminal of the common electrode 1is
provided outside of the parallel arrangement part.
10. The inkjet recording apparatus according to claim 9,

wherein

cach of the individual electrodes includes

an electrode part connected to the corresponding actua-
tor, and

a wiring part that connects the connection terminal of
the individual electrode and the electrode part to
each other, and

the wiring part 1s arranged between the actuators and
extends to the connection terminal of the individual
clectrode.

11. An mnkjet head, comprising:

a plurality of nozzles configured to eject ink;

a nozzle plate having the plurality of nozzles arranged 1n
a first direction and 1n a second direction perpendicular
to the first direction;

actuators arranged on the nozzle plate to correspond with
cach of the nozzles, the actuators including first actua-
tors which are arrayed in the first direction and second
actuators which are arranged next to the first actuators
in the second direction and are arrayed in the first
direction;

a plurality of first individual electrodes arranged on the
nozzle plate and configured to apply voltage to each of
the first actuators, each of the first individual electrodes
including a first connection terminal connectable to an
external element:

a plurality of second 1ndividual electrodes arranged on the
nozzle plate and configured to apply voltage to each of
the second actuators, each of the second individual
clectrodes including a second connection terminal con-
nectable to the external element:

a first common electrode arranged on the nozzle plate and
configured to apply voltage to the first actuators, the
first common electrode including a wiring which con-
nects two adjacent actuators of the first actuators and a
third connection terminal which 1s arranged next to the
first connection terminal and 1s connectable to the
external element; and

a second common electrode arranged on the nozzle plate
and configured to apply voltage to the second actuators,
the second common electrode including a wiring which
connects two adjacent actuators of the second actuators
and a fourth connection terminal which 1s arranged next
to the second connection terminal and 1s connectable to
the external element.

12. The nkjet head according to claim 11, wherein

the first common electrode connects two adjacent actua-
tors of the first actuators in a shortest distance, and
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the second common electrode connects two adjacent
actuators of the second actuators 1n a shortest distance.

13. The inkjet head according to claim 12, wherein

the first connection terminals and the second connection
terminals are provided on an end portion of the nozzle
plate located 1n the first direction relative to the indi-
vidual electrodes.

14. The 1nkjet head according to claim 13, wherein

the first connection terminals are located on opposite sides
of the third connection terminal 1n the second direction,
and

the second connection terminals are located on opposite
sides of the fourth connection terminal in the second
direction.

15. The inkjet head according to claim 14, further com-

prising

a third common electrode arranged on an end area of the
nozzle plate i the second direction relative to the
nozzles, the third common electrode including a {fifth
connection terminal, which 1s connectable to the exter-
nal element, and connecting to the first common elec-
trode and the second common electrode.
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